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Production and Characteristics of Lytic Enzyme against
Streptococcus mutans Cell Wall from Alkalophilic Bacillus sp. 4830

Yun-Keun Kim and Dong-Hoon Bai*
Department of Food Engineering, Dankook University

To elucidate a method of preventing dental caries, strains producing lytic enzymes were isolated and their
characteristics were investigated. Among 5,000 alkalophilic strains isolated from soil, 22 strains showed lytic
activity against Streptococcus mutans. Strain No. 4830, with the highest lytic activity, was selected for further
study. Strain 4830 showed 94% sequence homology with the 16S rDNA sequence of Bacillus alcalophilus, but it
was concluded to be different from Bacillus alcalophilus because of its biochemical characteristics. The strain was
named Bacillus sp. 4830. The lytic enzyme from Bacillus sp. 4830 was purified by ethanol precipitation and CM-
agarose column chromatography. The molecular weight of the lytic enzyme was determined to be 28 kDa by
SDS-PAGE. The lytic enzyme was stable between pH 5.0 and pH 11 and up to 40°C. The optimal pH and
temperature for the lytic activity was 9.0 and 50°C, respectively.
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Fig. 1. Scanning electron micrograph of the strain No. 4830.
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Y9I A strain No. 4830 dFE AR A AL ARR-&}
o #3s) 2 A3} 05X2.5~4 um Xé‘:A A7)1E 7= 7H
9 FEE 2 YA (Fig. 1). 2 P75
38 7B 20-40°CM RSB NaCl 15%015ke] F ol
Me Fad a4 48S Bvh SFslES o8t 4
3 23 Strain No. 48305 A A @83ket. Casein,
gelatin, starch #3052 HA3I2 A2 catalase F+,
oxidase’= 223011 (Table 1). Strain No. 48302 FA|XL A
WA 242 Table 20 HQl vk} 7ol C ., ISO 04%, C,,y
SO 5.2%, C, 33% Cu ISO 41.0% Ciso smso
21.6%, Cp 3.3%, Cyyy 60%, Ciop 1SO 2.9%, C,o 6.1%,
C,., 1SO 03%, C,, ISO 5.6%, Cpy o 38% Ciro

Table 1. Biochemical and physiological properties of Bacillus
sp. 4830

Bacillus alcalophilus ~ Bacillus sp. 4830

yellowish white
Form rods rods
Motility + +
Spore formation + +
Gram staining + +
Catalase + +

Color of colonies

Oxidase -
Indole production - -
H,S production -
H,S production (pH
7.0)

Growth at 10°C - -
20°C
30°C
40°C
50°C - -

Acid produced from:
D-glucose
D-xylose + -
fructose -
mannose -

+ + +
+ + +

+

lactose + -
melibiose -
sorbitol + -
L-arabinose + -
rhamnose -
sucrose + -
cellobiose -
galactose -
glycerol + -

+
'

maltose
sorbose -
D-mannitol
Hydrolysis of casein
gelatin
starch

+ 4+ + +

Growth in
0% NaCl +
2~10% NaCl - + (~15%)
Nitrate reduction - -

05%02 w2 15709 AgAte] gl 63.5%% it
1770e] A)ekat sheko] 10.2%% Bacillus A3 FAFS S
U exde 1679 Hlgol 15.0%% 437 Bacillus A2
= 2o)2 et B3 MIDI system®] data base®t
Wiz AME A= Bacillus ARE 535U

F99}2)A strain No. 48309] 16S rDNA sequenced 2
3t AT 1,506 bp2 FAEACH ©]F GenBankolA FAHS
< 7A=% A3} Bacillus alcalophilus type straini} 94%©]
SAM S HYthEg 2). 2V #5e] BTSN
Bacillus alcalophilus®t €8] 2h2 AAEA gon WA s
o] zpol7} Ugieh. w3k oA alkalophilic Bacillus®] W 78
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Table 2. Cellular Fatty acid composition of Bacillus sp. 4830

Fatty acid composition (%)
Cio 55
C14:OIS0 33
CIS:OISO 284
CIS:OANTEISO 354
C16:OIS0 49
Ciso 4.8
C17:()IS0 68
C17:0ANTEISO 110

G5 ERAAV G IA FOoRE $U7EA Strain
No. 48302 Aoz 3971 Bacillus sp. 483022 3
B3lgon 7] §94e Genbankol SE9 #5-29] 16S
RNAE AHg-3}91t)

g40| it
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yeast extract® 1% F7151ES w AUz 348 ALl
ARZEF AANA ).

HA3} ® G4 A ZA(veast extract 1%, glucose 1%,
Na,CO, 1% K,HPO, 0.1%)2. = strain No. 4830 #I&
280 rpmo. 2 ZE wjoFslHA #9 &I fio] A
pHe| Wisle} A WIS AANH R FFY A (Fig 3)
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A7 &S FASHT dade] pHe A S o
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Strain No. 4830°] A4¥sh= A2 g8 a8 ¥, 4
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AL Azt A3 Ethanolol 23] 7=
4% 10mM pH 6.6 sodium phosphate buffer= -8l A]Z
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o thste] FE3] FAskd AREEIATE B Y pHE
H¥3l = CM-agarose column®] 10mM pH 6.6 sodium
phosphate buffere] &s¥ FEANS T2 Azich 84 H
< I M NaClZ £538F 23} 30~45 fraction(Fig. 4014 &
284& Jeplie 780 8559 ©] ¥&& Eof PM-10
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Lactobacillus plantarum
Sporolactobacillus racemicus

Bacillus racemilacticus

Bacillus lasvolacticus

Bacillus myxolacticus

Bacillus badius

|: Bacillus pallidus

Bacillus thermoalkalophilus

Bacillus clausii

[ Bacillus sp. 4830

Bacillus alcalophilus

Baciflus gibsonii

Baciilus horikoshii

Bacillus vedderi

Bacillus agaradhaerens

r‘

Bacillus clarkii

Bacillus pseudalcaliphilus

Bacillus halodurans

Bacillus pseudofirmus
0.01

Fig. 2. Dendrogram of the alkalophilic Bacillus sp. 4830
through 16S rDNA gene sequence homology, Scale bar, 0.01
estimated substitution per nucleotide position.

The GenBank nucleotide sequence accession numbers for the
organisms used are follows: Bacillus alcalophilus, AF078312;
Bacillus  halodurans, AJ302709; Bacillus pseudalcaliphilus,
X76449; Bacillus gibsonii, X76446; Bacillus horikoshii, X76443;
Bacillus pseudofirmus, X76439; Bacillus clausii, X76440; Bacillus
agaradhaerens, X716445; Bacillus badius, X77790; Bacillus
clarkii, X76444; Bacillus laevolacticus, D16270; Bacillus
myxolacticus, D16274; Bacillus pallidus, 726930; Bacillus
racemilacticus, D16279; Bacillus thermoalkalophilus, Z26931;
Bacillus vedderi, Z48306; Sporolactobacillus racemicus, D16291;
Lactobacillus plantarum, AB025972.
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Fig. 4. Chromatogram of lytic enzyme from strain No. 4830 on
CM-agarose column.
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Table 3. Purification table of lytic enzyme from strain No. 4830
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kDa

974 —
66.2 —

55.0 —
40.0 —
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1 2 3 4 5

Fig. 5. SDS-PAGE of lytic enzyme from strain No. 4830.

lane 1, protein marker; lane 2, culture broth; lane 3, ethanol
precipitation; lane 4, CM-agarose chromatography; lane 5,
Sephadex G-75 chromatography.
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AFE Streptococcus mutanse -‘—E—,O]@gi LH78=
2 gAay g 39 5AS T ES
FE 50000952 gz WA &T‘E Adsllen 1
%L/do] 9\/“_ 2212 }dtﬂ—g}og\otq 7};@— gq_ﬁ/\qo]
Z 122 W3] Strain No. 483008 W33 =
"o Aak 271 9 g4 B5A4S <03 A% pH 5ol
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coceus mutansell sl S-g&Ado] Yelgdth ESE 30°C ]
el A mae] S 1T £ den 50°CAA FHh
A4S By 49 dAdL 40°C o)EellA

Total protein Total activity Specific activity .
Step (mg) (unit) (unit/mg) Yield (%) Fold
Culture broth 277.8 3,016,000 10856.7 100 1
Ethanol precipitation 72 1,300,000 18055.5 43 1.67
CM-Agarose chromatography 35.16 894,500 25440.8 29 2.34
Sephadex G-75 32.16 818,400 25447.7 27 2.34
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Fig. 6. Effect of pH on lytic enzyme activity (O) and stability
(@) from strain No. 4830.
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Fig. 7. Effect of temperature on lytic enzyme activity (O) and
stablity (@ ) from strain No. 4830.
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